In nuclear reactions the usage of high energy gamma particles, as projectiles, has some essential advantages for studying of nuclear structure and reaction mechanisms. In this work, (γ,n) 
Introduction
Because gamma-emission may generally accompany any nuclear reaction, it is one of the most universal channels of the nuclear decay. This process is described in the many-body systems by the radiative strength functions, as well as the absorption of the gamma-rays and the electron-positron decay. These functions are important for lots of studies. Nuclear structure models, decay mechanisms, deformation and fluctuation of the nuclear shape, energies and widths of the collective excitations are good examples from these studies.
Besides this fundamental importance, from the theoretical point of view, the strength functions are necessary for generation of the data for the energy and non-energy applications. It is critically important to have a simple closed-form expression for the γ-ray strength function, because in most cases this function is used as an auxiliary quantity for calculations of different nuclear characteristics and processes. The theory-based approaches for γ-ray strength function are preferred over the empirical ones, to improve the reliability and accuracy of such calculations and to understand the physical sense of the used parameters [1] .
The nuclear γ-ray strength function is one of the indispensable inputs needed for reaction-rate calculations, and is particularly important for the neutron-capture cross section [2] . In some studies, only cross sections of photoneutrons and photoprotons have been investigated [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . At the same time, theoretical cross sections have been calculated with TALYS 1.6 in some other studies [15] [16] [17] .
Gamma strength function describes the (average) energy distribution of photon emission from highlyexcited states or cross section of photon absorption (principle of detailed balance) [18] . * corresponding author; e-mail: nurdankarpuz@amasya.edu.tr
Theoretical method and results
In this study, the theoretical photoneutron cross sections of 186 W, 107 Ag and 93 Nb in photon-induced reactions have been calculated using TALYS 1.6 [19, 20] nuclear calculations. The calculated results have been compared with experimental data existing in the EXFOR [21] database.
TALYS is a nuclear reaction simulation computer code system for the analysis and prediction of nuclear reactions. The basic objective behind its construction is the simulation of nuclear reactions that involve neutrons, photons, protons, deuterons, tritons, 3 He and alphaparticles. TALYS integrates the optical model, direct, preequilibrium, fission and statistical nuclear reaction models in one calculation scheme and gives a prediction for all open reaction channels.
There are five models (Kopecky-Uhl generalized Lorentzian, Brink-Axel Lorentzian, Hartree-Fock BCS tables, Hartree-Fock-Bogolyubov tables, Goriely's hybrid model) for E1 gamma-ray strength function in TALYS. Calculations of theoretical cross section are based on these gamma-ray strength function models [20] . Current study was performed for energy range of the giant dipole resonance region (GDR).
Gamma strength functions and equations in literature
The gamma-ray strength function is related to the photon transmission coefficient by:
is of prime importance to the photon transmission coefficient [22] .
When normalizing the gamma-ray strength function, there are several ways to model the strength function. We will consider five models, which are the Blatt-Weisskopf method, Brink-Axel Lorentzian, a Kopecky-Uhl generalized Lorentzian, the Hartree-Fock BCS tables, and the Hartree-Fock-Bogolyubov tables [22] .
Blatt-Weisskopf
Use of the Blatt-Weisskopf is f E1 = const [22] . The electric dipole (E1) response of nuclei is dominated by the GDR, a highly excited collective mode above the particle emission threshold [23] . While at higher order levels, E2, M2, etc., the model of Blatt-Weisskopf may be sufficient for f E2 , f M 2 and so on, it is not sufficient at f E1 [22] .
Brink-Axel Lorentzian
The Brink-Axel model describes the standard Lorentzian form of the transmission coefficient at GDR and is calculated as:
where σ Xl is the strength of the dipole resonance, E Xl is the energy, and Γ Xl is the width of the dipole resonance.
The Brink-Axel Lorentzian is commonly used for all other transmissions, with the exception of M1 [22] .
Kopecky-Uhl generalized Lorantzian
The general way in which many models depict the photon transmission for E1 radiation is through the use of a Kopecky-Uhl generalized Lorantzian. It is calculated as:
where σ E1 , Γ E1 and E E1 are the peak, width, and energy of the giant dipole resonance of the nucleus in question.
T is the nuclear temperature:
E n is the incident neutron energy, S n is the neutron separation energy, and ∆ is the pairing connection [19] .
Hartree-Fock BCS & Hartree-Fock-Bogolyubov tables
The last two ways of modeling the E1 strength function allow two microscopic corrections [19] . Using the Hartree-Fock method the E1 strength function is calculated by:
where Γ GDR is the width of the giant dipole resonance. It is obtained from experimental data when experimental data is available, otherwise it is obtained for empirical statistics.
Using the BCS tables with the Hartree-Fock method or combination of Hartree-Fock with the Bogolyubov method lead to sight perturbations in the calculations of the transmission coefficient, however, as will be seen in the data, the perturbations are small [22] .
Gamma strength functions in TALYS
The topic of this work is the influence of the photon strength functions on photonuclear cross sections. These entities, called also γ-ray or radiative strength functions, have been introduced to describe the process of the emission of photons from highly excited atomic nuclei, that arise from non-relativistic nuclear reactions [24] .
Gamma-ray transmission coefficients are important for the description of the gamma emission channel in nuclear reactions [19] .
The gamma-ray transmission coefficient for multipolarity l of type X (where X = M or E) is given by
where E γ denotes the gamma energy and f Xl (E γ ) is the energy-dependent gamma-ray strength function.
The total cross section curves, obtained from photoneutron production for 93 Nb, 107 Ag and 186 W target nuclei are shown in Figs. 1-3 . The contribution of gamma strength functions to photoneutron cross-sections were also considered in the target nuclei.
For all transitions, other than E1, the systematic formulae compiled by Kopecky, are used for the resonance parameters. For E1 transitions, TALYS uses [19] σ
For E2 transitions TALYS uses [19] 
For multipole radiation higher than E2, TALYS uses [19] σ El = 8.10
For M1 transitions TALYS uses [19] f M 1 = 1.58A 0.47 at 7 MeV,
For multipole radiation higher than M1, TALYS uses [19] σ
There are also two microscopic options for E1 radiation. Stephane Goriely calculated gamma-ray strength functions according to the Hartree-Fock BCS model and the Hartree-Fock-Bogolyubov model [19] .
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Conclusions
In the present work, we have calculated photoneutron cross section with effect of gamma strength functions. The calculated results are compared with experimentally measured data [25] [26] [27] , taken from EXFOR [21] In the calculations, all of the gamma strength functions of Kopecky-Uhl generalized Lorentzian, Brink-Axel Lorentzian, Hartree-Fock BCS tables, Hartree-FockBogolyubov tables and Goriely's hybrid model have been used. The effects of the gamma strength function on the cross section exchange data have determined the most compatible type of model. The results, especially for 107 Ag and 186 W, are in good agreement with the experimental data [25] [26] [27] from the EXFOR [17] database. The theoretical cross sections of reactions, obtained using the TALYS 1.6 models, clearly demonstrate the GDR effect. According to the calculated theoretical results, Brink-Axel Lorentzian model is the most coherent model.
Good agreement between calculations and the experimental values indicates that TALYS can produce these cross sections without any adjustment of the parameters.
